Abstract
Introduction
With technical innovation and global economic integration, competitions of enterprises are not only the competition of tangible assets, and intangible assets have also become an important factor in the development of enterprises. The quantity and value of intangible assets have been a symbol of technology level and competitive capacity. Therefore, it is significant for enterprises to evaluate and manage intangible assets.
At the present time, there are three basic types of assessment methods acknowledged by the international: cost approach, income approach and market approach (Wang Jiang, 2005; Yu Hongjun, 2006) . In reality, because of the intangible assets' non-correspondence between cost and value, the income approach is widely used in the assessment of intangible assets. The basic idea of income approach is to regard earning as asset value, and the expected earning of asset is discounted by the appropriate discount rate (Wang Haisu, 2007; Yue Jie, 2009 ). However, the income approach has also some shortcomings. In the first, it is difficult to forecast the expected earning. The expected earnings are affected not only by subjective judgments, but also are affected directly by the unforeseen factors of expected earning. In addition, intangible assets must be linked to tangible assets, and intangible assets can not independently generate economic benefits. In forecasting earnings, tangible assets and intangible assets must been put together, and then value of intangible assets is separate from the integrated value by the earning share. Because the direct forecast of the earning share is difficult, we usually calculate the earning share of tangible assets firstly, and then calculate the earning share of intangible assets. But the result of calculation is not simply the earning of intangible asset; the value that we have obtained is the overall value of intangible assets-combined intangible assets ( The distribution of the combined intangible assets is a very complex issue. At present, the assessment methods of the combined intangible assets have two main methods: subjective weighted method and objective weighted method (Ma Jiancheng, 2007) . Subjective weighted method firstly gives the weights of the relevant index according to subjective experience of experts, and then calculates the weighted scores. Objective weighted method designs the index system according to the causal relationship of objective elements, and then collects the original data of. In the end, the weighted scores are calculated on the basis of original data.
The article applies the subjective weighted method, triangular fuzzy number (TFNs) and analytical hierarchy process (AHP) method, to separate single intangible assets from combined intangible assets. Analytical Hierarchy Process (AHP) proposed by Saaty (1980) is a decision-making tool that can handle unstructured and semi-structured decisions with multi-person and multi-criteria inputs. The AHP method has been widely used in multi-criteria decision-making and has been applied successfully in many practical decision-making problems (Zhu Shunquan, 2007; Jian Zhenfu, 2007; David, 2007; Roberta Costa, 2008 ; David R. Anderson, 2009 ). However, the AHP method is often criticized because of its shortcomings. In the first, though the AHP method is to capture the expert's knowledge, the AHP method still cannot reflect the human thinking style. In the second, the AHP method is mainly used in nearly crisp-information decision applications. Although the use of the discrete scale of 1-9 has the advantage of simplicity, the AHP method does not take into account the uncertainty and imprecision associated with the mapping of human judgment to an exact number by natural language. In addition, the result of the AHP method is rather imprecise, and the subjective judgments by perception, evaluation, improvement and selection based on preference of decision-making have great influence on the AHP results (Orlando and Jose, 2008; Chia-chi sun, 2010; Dong-Shang Chang, 2011). In order to overcome these shortcomings of the AHP method and to resolve the vagueness of the AHP criteria, a fuzzy extension of AHP, the TFNs-AHP method was developed to solve the hierarchical fuzzy problem (Orlando and Jose, 2008). The TFNs-AHP method is a hybrid method that combines the benefits of both the fuzzy set theory and AHP method. In the TFNs-AHP, fuzzy ratio scales are used to indicate the relative strength of the factors in the corresponding criteria. Therefore, a fuzzy judgment matrix can be constructed. The final scores of alternative are also represented by fuzzy numbers. The optimum alternative is obtained by ranking the fuzzy numbers using special algebra operators.
The remainder of this paper is organized as follows. Section 2 introduces the TFNs-AHP method. In section 3, the paper uses an enterprise in china as its research objects to test the applicability of its model. Section 4 wraps up the paper with some concluding remarks.
Distribution models of combined intangible assets based on TFNs-AHP
In the following sections, the study firstly describes the basic concept of TFNs-AHP method. After that, we propose the TFNs-AHP model to explore the issues of the combined intangible assets.
Basic concept of TFNs-AHP
In this section, five definitions for the fuzzy numbers used through this paper are presented: Definition 1. (Hirota, 1981) 
be called a fuzzy number if:
is a closed interval. Here ( ) F R represents all fuzzy sets, and R is the set of real numbers.
Definition 2. (Zimmermann, 1996) We define a fuzzy number M on R to be a triangular fuzzy number if its membership function m   , and  , their operational laws (Chang , 1996) are as follows:
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Definition 3. (α-cut of fuzzy number). The α-cut of a fuzzy number is a crisp set which is a defined as
In other word the α-cut is a non-empty bounded closed interval, which is denoted by: 
Definition 4. (Signed distance). Following Yao and We (2000), if two fuzzy number A  and B  be represented as follows
And the signed distance of A  and B  is respectively the distance between the mid points
  are the real intervals corresponding to
  respectively, which is as follows:
In particular, if A  be a TFN and B  be a triangular fuzzy point represented by 1 2 3 ( , , ) a a a and (0, 0, 0) respectively then 
It is said to be convex if all the objective function are convex and the feasible region is convex.
Distribution models of combined intangible assets based on TFNs-AHP
The following paragraph describes the TFNs-AHP model that we propose in order to explore the issues of the combined intangible assets, and is divided into the following steps.
Construction of hierarchical structure
The analytic hierarchy process (AHP) is one of the extensively used multi-criteria decision-making methods. The first step of TFNs-AHP is to review the related literature and interview the domain experts about the specific domain in order to decompose the problem hierarchically. The overall goal is represented by the upper level of the hierarchy. One or more intermediate levels correspond to the hierarchy of the decision criteria, while the decision alternatives are listed at the bottom of the hierarchy (Fig. 1). 
Construction of the fuzzy comparison matrix
The comparison matrix involves the comparison in pairs of the elements of the constructed hierarchy. The main aim of comparison in pairs is to set their relative priorities with respect to each of the elements at the next higher level. The paper uses triangular fuzzy numbers ij M  from 1 to 9 to represent the results of the pair-wise comparisons between each of the decision elements (see Table 1 ) by constructing a fuzzy positive reciprocal matrix. The proposed fuzzy comparison matrix is defined as follows: 
Where ij L , ij M and ij R , respectively, indicate the smallest possible value, the most promising value, and the largest possible value that describe a fuzzy even.
Calculation of fuzzy Weights
In order to estimate the fuzzy eigenvector from M  matrix, the study applies the arithmetic mean method proposed by Buckley (1985) to integrate the data of each decision element of M  matrix. The computing process is defined as follows:
Where ij M  is the integrated triangular fuzzy numbers, n M  is the value of the pair comparison. After integrating the collected data and calculating the corresponding triangular fuzzy numbers, the paper applies the Approximation Method proposed by Buckley (1985) to compute the fuzzy weight. The formula of the Approximation Method (Tzeng and Teng (1993)) for computing the fuzzy is defined as followed: Between very strongly and extremely important (7,8,9) 9 extremely strongly important (8, 9, 10) To obtain 
And to obtain
, the fuzzy addition operation of
value is performed such as:
And then the inverse of the vector above is computed, such as:
Normalization of weights
Above the calculation, the study obtains the defuzzified weights of the decision elements. In order to compare the importance among different decision elements at different level, the study normalizes the defuzzified weights. The process is as follows (Chang, 1992) :
are two triangular fuzzy numbers, the degree of possibility of
And can be expressed as follows:
In addition, the degree possibility for a convex fuzzy number to be greater than k convex fuzzy ( 1,2, )
numbers can be defined by: 
Then the weight vector is given by:
are n elements. At last, the definition of the normalized weights of each element at each level can be defined by the following formula:
Then the normalized weight vectors are 1 2 ( ( ), ( ),..., ( ))
, where W is a non-fuzzy number.
Analysis of consistency
In order to control the result of the method, the consistency index (CI) needs to be calculated. The purpose of the consistency index (CI) is to reflect the overall inconsistency for the proposed hierarchy and for each decision element. The consistency ratio in both the decision matrix and in pair-wise comparison matrix can be expressed by the following equation:
Where max  is the principal eigenvalue of the judgment matrix and n is the order of the judgment matrix In addition, the consistency ratio (CR) is also used to describe the consistency of pair-wise comparisons. The CR is computed by dividing the CI by a value obtained from the table of Random Consistency Index (RI) created by Saaty (see Table 2 ) /  CR CI RI (26) Where RI is the average index for randomly generated weights obtained from a table of random consistency indices.
In generally, if CR is less than 10%, the output of the pair-wise comparison is sufficiently consistent. On the other hand, if CR is more than 10%, then the results of the pair-wise comparison are inconsistent.
Distribution of combined intangible assets
The local priorities at each level are aggregated to obtain final preferences of the alternative. The computation is carried out from the evaluation alternatives to the top goal. The distribution of combined intangible assets is defined as follows:
 is the value of single intangible assets, T is total value of combined intangible assets, and  is weight of single intangible assets.
Empirical evidence from a case study
The following paragraph describes TFNs-AHP method that the study proposes in order to explore the issue in question. The model focuses on not only estimating the value of the intangible assets, but also on identifying the related contribution of the company's intangible assets.
The empirical context
The company is a medium-sized Tobacco Group, which has developed a series of products after years of operations. At present, the trademark of Tobacco Group has become very well-known. The products of Tobacco Group have been spread throughout China. The commitment to quality and excellence has earned the company the QS9000 and ISO14001 certifications. The value of t intangible assets has been up to 90 million Yuan.
The application of the TFNs-AHP model
Step 1: hierarchical structure. In most cases, the earnings of combined intangible assets are brought together by several intangible assets. Therefore, when the value of combined intangible assets distributed were made, the study should firstly definite the objectives of evaluation, and consider the objectives as the goal of model. In the Second, the study should analyze the influencing factors in the evaluation of combined intangible assets, and consider the influencing factors as the criteria of the model. Simultaneously, the decision alternatives are laid down at the last level of the hierarchy. Finally, by the evaluation of technical experts and consult of senior managers, the cardinal links between adjacent levels are established, and value distribution model of combined intangible assets is obtained. The model is shown in Figure 1 .
Step 2: Construction of fuzzy judgment matrix. Through value distribution model of combined intangible assets, a questionnaire based on the proposed stricture should be formulated. The main goal of the questionnaire is to compare pairs of criteria, or alternatives in each level with respect to every element in the next higher level. The paper applies Delphi method to determine influencing factors of the judgment matrix. Firstly, the study gives the consultation table (1-9 scale) to send experts. Secondly, the study writes back the results to make further analyses, and send first round results and second round table to experts, then ask experts to re-evaluate. Similarly, in the second round, we not only consult the contents of the first round，but also seek the reason that experts have different assessment results between the factors. After the second round of assessment, the views of experts has been further concentrated, and most of the views have been very consistent, thus, the study decides not to seek advice. Finally, the study obtains the matrix of paired comparison as follows Table 3, Table 4 . After the priority weights of the criteria are determined, the priority of the alternatives will be determined for each criterion. From the pair-wise comparisons of Table 4 , priority weights of alternatives for each criterion are determined by making the same calculation like in Table 5 . 
Conclusions
Intangible assets are the essential resources of enterprises in the process of production and management. The combined intangible assets are syntheses, which is formed by several intangible assets. Though the effects of each single intangible asset may not be dissimilar in production and management of enterprises, all of them are able to obtain the excess profits at last. Therefore, the value of combined intangible assets is conformed by all expected excess profits of enterprises, and each single intangible asset is obtained by distributing the excess profits of combined intangible assets. The paper has constructed the TFNs-AHP model to assess the intangible assets. The result shows that the TFNs-AHP model is effective method in assessing the value of intangible assets. The method can objectively reflect the history performance, current structure and future expectations. Although the TFNs-AHP model has some inevitable problems in dividing the value of intangible assets, the TFNs-AHP model can still verify the rationality of subjective judgment.
At last, in spite of the fact that our model cannot thoroughly resolve all problems of intangible asset assessment, the assessing model of intangible assets constructed by this paper, which is based on multi-level and multi-criterion method, is said to be useful as a reference for enterprises to plan and execute their intangible assets assessment.
